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Introduction

Rapid changes occurring at the level of microscale 
connections between neurons are the primary 
mechanism for learning and memory and are known 
as synaptic plasticity. Dendritic spines are dynamic 
structures with essential roles in brain connectivity 
and their ongoing formation, disappearance, and 
stabilization are critical for long-term synaptic 
plasticity. The actin cytoskeleton is a structural 
element underlying the proper development and 
morphology of dendritic spines, where it controls 
the morphological and structural changes induced 
by synapse activation[1]. The three-dimensional 
structure and dynamics of actin filament networks 
are regulated by actin binding proteins (ABPs)
[2]. We describe recent studies highlighting both 
established and novel actin binding proteins and 
their effect on synaptic plasticity 

Abl2:Cortactin Regulates Stabile F-Actin Pools 
in Neurons

Spine stability is primarily supported by a 

filamentous (F)-actin network, which are comprised 
of two distinct pools: F-actin forming the actin 
mesh are very dynamic and can change very 
rapidly; alternatively, stable, thick F-actin bundles 
can persist for long time periods. (see figure 1) 
Previous work showed that Abl2 is an actin binding 
protein that is important for spine size and stability.  
In a recent study by Shaw et al.  they showed 
that the complex Abl2:cortactin can specifically 
control the pool of stable F-actin as a mechanism 
to regulate dendritic spine size and stability in 
hippocampal neurons[3].  Cortactin is also an ABP 
that has been shown to localize to dendritic spines 
and promote spine stability.  Interestingly, when 
Abl2 is depleted, some dendritic spines maintain 
their stable pool of F-actin and can undergo 
activity induced enlargement, and this increase 
was associated with increased cortactin, possibly 
alluding to independent functions for cortactin.  A 
recent study using cortactin knockout mice showed 
that loss of cortactin led to deficits in hippocampus-
dependent spatial memory formation, and impaired 
long-term potentiation with a complete absence of 
structural spine plasticity[4].  

Fig. 1. Dendritic spine actin dynamics in neuronal maturation. The relative size of the stable F-actin pool (gray circles) increases during neuronal 
maturation. Simultaneously, the treadmilling rate of the dynamic F-actin pool (blue circles) increases. We propose that increased actin filament 
crosslinking (white bars) in more mature spines leads to a larger fraction of stable filaments. The faster treadmilling of actin filaments closer to 

the spine head surface fine-tunes spine shape.
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Synaptopodin Affects Spine Longevity

Synaptopodin is a critical component of the spine apparatus, and 
mice deficient in this protein has deficits in synaptic plasticity and 
show impaired spatial learning[5].  However, its impact on dendritic 
spines is also attributed to its ability to binding actin which 
affects its stability[6].  It has previously been shown to impact 
short-term effects on spine geometry due to its regulation of the 
cytoskeleton.  Recent work by Thomas Deller’s group determined 
that synaptopodin mediates long-term survival of dendritic spines 
as well[7].  Utilizing 2-photon time-lapse imaging they determined 
that spines with synaptopodin survived longer than spines of 
equal size where synaptopodin was absent.  Interestingly, spines 
that underwent pruning had their levels of synaptopodin depleted 
before disappearing.  This study adds to the known function of 
this actin modulating protein in the regulation of dendritic spines.

Cyclin Y a Novel ABP That Affects LTP

While several APBs have been implicated as positive regulators 
of LTP and spine stability, there is much less known about proteins 
that function as inhibitory levers of LTP.  Work by the Park group 
identified Cyclin Y as a novel ABP that affects LTP in an activity 
dependent manner[8].  In their current study, they determined that 
Cyclin Y, under basal conditions, promoted F-actin formation 
and increased spine density[9]. This increase in F-actin was 
achieved in part through blocking activation of cofilin.  However, 
in response to glycine induced LTP, Cyclin Y suppressed actin 
dynamicity which suppressed new spine formation and blunted 
spine enlargement.  Interestingly, the group showed that glycine-
induced LTP resulted in significant disappearance of Cyclin Y in 
spines further suggesting it may have an inhibitory function in 
LTP.  Their data suggests that this novel ABP interferes with the 
cofilin-actin pathway to modulated structural and functional LTP 
in hippocampal neurons.

Summary

ABPs have a multitude of different functions that impact actin 
structure and dynamicity which is critical for dendritic spine shape 
and stability.  The numerous ABPs have subtle, but substantial 
effects on synaptic plasticity through their reorganization of 
connections between neurons.  There are now many examples 
of how ABP dysfunction promote neuronal diseases, such as this 
study where knockout of the drebin ABP resulted in enhanced 
seizure like events in mice lacking the protein[10]. It will be of great 
interest to understand the delicate interplay between these ABPs 
and how they fine tune actin to control learning and memory, and 
if they can be targeted to treat neuronal diseases.
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Actin and Actin Associated PRODUCTS

Actin Binding Protein Tools
Product Amount Cat #
Alpha-actinin protein: rabbit skeletal muscle 2 x 50 µg

10 x 50 µg
AT01-A
AT01-C

Tropomyosin/Troponin Complex
(Bovine Source, >60% Pure)

1 x 1 mg CS-TT05

Cardiac Thin Filament Complex (CTFC) 1 x 1 mg TFC01

Myosin - Cardiac S1 Fragment 1 x 250 µg CS-MYS03

Myosin - Skeletal Muscle S1 Fragment 1 x 250 µg CS-MYS04

Actin Binding Protein Spin-Down Assay 
Biochem Kit
Rabbit skeletal muscle actin

30-100 BK001

Actin Binding Protein Spin-Down Assay 
Biochem Kit
Human platelet actin

30-100 BK013

G-Actin/F-actin In Vivo Assay Biochem Kit
Measure the distribution of monomer and 
polymer actin

30-100 BK037

Cofilin 1 Protein: 
Human Recombinant

1 x 100 µg
4 x 100 µg

CF01-A
CF01-C

Profilin 1 Protein: 
Untagged, Human Recombinant

1 x 100 µg
1 x 500 µg

PR02-A
PR02-B

Gelsolin Protein: 
Homo Sapiens Recombinant

4 x 20 µg
20 x 20 µg

HPG6-A
HPG6-B

Arp2/3 Protein Complex:
Porcine Brain

2 x 50 µg
6 x 50 µg

RP01P-A
RP01P-B

Fascin-1 Protein: 
Wild-Type (Human Recombinant)

100 µg
1 mg

CS-FSC01-A
CS-FSC01-B
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Unlabeled Actins Amount Cat . #
Actin Protein
Rabbit skeletal muscle

4 x 250 µg AKL99-A

Actin Protein
Human platelet, non-muscle

2 x 250 µg APHL99-A

Pre-formed Actin Filaments
Rabbit skeletal muscle

1 x 1 mg AKF99-A

Unlabeled Actin Proteins
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